Abstract. An enzyme-linked immunosorbent assay (ELISA) was used to detect antigen in plasma and antibody in serum of 3 horses inoculated with Ehrlichia equi. Clinical signs, including rectal temperature, were correlated with the antigen and antibody detection. ELISA was very efficient in detection of serum antibody. Antigen detection using monoclonal antibodies to E. equi and ELISA should be considered as a diagnostic method.
which is usually a retrospective diagnostic technique. This report concerns the use of enzyme-linked immunosorbent assay (ELISA) techniques to detect Ehrlichia equi antigen in plasma and to detect serum antibody IgM and IgG. The efficiency of each for early detection of the disease is compared.
Materials and methods
Experimental animals. Three adult mixed-breed saddle horses that were clinically and hematologically normal and serologically negative by IFA and ELISA for E. equi and E. risticii and by IFA for E. canis were used in this experiment. They were housed in screened stalls within a building and fed a ration of grain, hay, and water ad libitum. The horses were monitored each day after inoculation for clinical signs, and rectal temperature and serum and ethylenediaminetetraacetic acid (EDTA)-treated blood samples were obtained. The plasma and sera were frozen in aliquots at -20 C within 2 hr after each sampling time. Other horses held in the same location and in a separate building were used as noninoculated controls.
Inocula. Horse 86 was inoculated with 60 ml of infected blood collected in heparin.
a The heparinized blood was frozen in the collection syringe at -70 C until used to inoculate horse 7928. This collection and storage procedure was repeated for all horses used in this study (Madigan, personal communication) . Horse 6948-1 was inoculated with 120 ml of heparinized blood from horse 7928 that was inoculated with E. equi 9 days previous to the collection.
Horses 86 and 6948-l received 30 mg dexamethasone b 2 days postinoculation (DPI) and again 4 (30 mg) and 5 (20 mg) days later to induce an infection that would result in at least a 40% infected neutrophil population for other horse inoculations and serologic studies. The antigen used in the studies reported herein were derived form horse 86.
Serology. Blood leukocytes isolated from horse 86 served as the antigen source for IFA and ELISA techniques. These leukocytes were collected 10 days after intravenous inoculation of horse 86 when 40% of the blood neutrophils contained morulae characteristic of E. equi. Venous blood was drawn from the infected horse into a 500-ml acid-citratedextrose collection bottle and left undisturbed for 1 hr to allow erythrocyte sedimentation. The leukocyte-and platelet-rich plasma was collected and centrifuged to obtain a cell pellet. The pellet was resuspended in hypotonic saline to lyse remaining erythrocytes, and the remaining cells were washed 3 times in phosphate-buffered saline (PBS).
IFA. For the IFA technique, the isolated leukocytes were suspended in 2% bovine serum albumin PBS solution at a final concentration of 10 6 leukocytes/ml. 5 Fifteen to 20 µ1 of cell suspension was placed into wells of a standard 10-or 12-well slide. The slides were incubated for 1 hr at 37 C, fixed in cold absolute acetone, and stored in slide boxes in an airtight plastic bag at -70 C. Before using, the slides were dried at room temperature for 15 min. A beginning test serum dilution of 1: 10 made in phosphate-buffered saline solution (PBSS) was used for all serum samples. A 1:40 dilution of fluorescein-conjugated goat anti-horse IgG (H&L chain) c was used. Standard staining and wash procedures for IFA were used. Slides were viewed, using 10 x and 40 x objectives of Corstvet et al. a microscope equipped with a halogen-quartz ultraviolet light for presence of fluorescing intracellular morulae.
Antibody detection assay. For ELISA detection of equine serum antibodies, the infected and noninfected leukocyte populations collected from horse 86 10 DPI and suspended in physiologic saline solution at a concentration of 10 6 /ml were used. The preparation was frozen at -20 C and thawed; this freeze-thaw step was then repeated. The solution was centrifuged at 300 x g to remove cell debris. The supernate was diluted 1:1,000 in coating buffer, and 50 µ1 of this solution was added to each well of the ELISA plates.
d The antigen-coated plates were incubated overnight at 37 C. The plates were washed 3 times for 5 min each with NaCl/Tween 20 solution. Fifty microliters of serum sample at proper dilution was added to each well and incubated at 37 C for 1 hr. Goat anti-horse peroxidase-labeled IgG (H&L chain) and IgM (µ chain) conjugates e diluted 1:100 in ELISA PBS (EPBS) and 5% heat-inactivated goat serum were added to plates (100 µl/well) and incubated for 1 hr at 37 C. Plates were washed 3 times for 5 min each, and 100 µl/well of peroxidase substrate e at room temperature was added to each well. Plates were read using an ELISA plate reader d on dual wavelength of 410 nm test and 490 nm reference after approximately 15 min. Samples were considered positive if optical density was at least 20% greater than the negative at the same dilution.
Antigen detection assay. Fresh or frozen-thawed plasma samples were heated to 57 C for 1 hr. ELISA plates d were coated with plasma diluted 1:2, 1:5, and 1:10 in coating buffer and incubated for 3.5 hr at 37 C. Plates were washed 3 times for 5 min using a NaCl/Tween 20 wash solution. Fifty microliters of an undiluted E. equi hybridoma cell culture supernate was added to each well and incubated at 37 C for 1 hr. The same monoclonal antibody in ascites fluid, produced by mouse inoculation of the cloned E. equi-specific hybridoma, was diluted 1:10 and used to detect antigen in a parallel test. The washing step was repeated, and 100 µl of a 1:400 dilution of peroxidase-labeled goat anti-mouse IgG (H&L chain) conjugate e was added to each well and incubated for 1 hr at 37 C. The washing step was repeated, and 100 µ1 of peroxidase substrate e at room temperature was added to each well. The plates were read with the same equipment and wavelength as the antibody ELISA. Samples were considered positive if the optical density was at least 20% greater than the 0 hr (preinoculation) sample at the same dilution. Gen- erally, the difference in optical density is greater than this unless the antibody or antigen is in very low concentration.
Monoclonal antibodies. Two groups of 3 each Balb/C mice were injected intraperitoneally with 1 ml of the supernate from the E. equi-lysed leukocyte suspension from horse 86 2 times at 2-wk intervals, and blood samples were taken to determine titer to E. equi by IFA. Mice with increased titers to E. equi (determined by IFA) were injected again. Three days later, nucleated cells were harvested from mouse spleens and were fused with SP2/0 cells.
2 The hybridoma cells obtained were cloned by limiting dilution, and the cell supernates were tested for specificity and frozen. The selected cloned hybridoma cells were also injected into Balb/C mice to obtain ascites fluid. The monoclonal antibody used was an IgG. The specificity of the monoclonal antibody was determined by testing it by IFA using E. equi-, E. risticii-, E. canis-, and E. platys -infected cells. The specificity was also tested in the ELISA using E. risticii-and E. equi-infected cells. Polyclonal antibody to E. equi was used in the IFA test as a blocking antibody.
Results
The monoclonal antibody reacted only with E. equi antigen in the serologic tests. The noninoculated control horses in all cases were negative for E. equi antigen and antibody by IFA and ELISA. Characteristic morulae were readily observed in neutrophils in blood smears stained with Wright's stain from all of the inoculated horses S-10 DPI. All horses eventually recovered from the infection; they no longer displayed clinical signs 22-30 DPI.
IFA. All 3 horses inoculated with E. equi developed an antibody titer as determined by IFA (Tables 1-3 ). The initial titer was detected 14, 17, or 21 DPI. The maximum response was a titer of 320 at 19 DPI in horse 6948-1 and 32 DPI in horse 86.
Antigen detection assay. Antigen was detected in plasma from horses 6948-l and 7928. Plasma samples were taken from horse 86; however, the instability of the antigen in non-heat-inactivated plasma was not known at that time, and the results of antigen detection were not consistent and reproducible. Antigen in horses 6948-1 and 7928 was detected starting at 4 DPI and was detectable throughout the experiment. The monoclonal antibody in the supernate of cultures of the cloned and selected hybridoma detected antigen as efficiently as the homologous ascites culture but with less background reaction. The non-heat-inactivated plasma, unless fresh or preserved frozen until use, gave variable antigen detection results, which in time often were negative. This did not occur with heat inactivation of the plasma. Antigen was not detected in either non-heatinactivated or heat-inactivated serum.
Antibody detection assay. Serum antibody was detected in all 3 inoculated horses (Tables 1-3 ). Both IgM and IgG were detected by this method. The ELISA detected serum antibody several days before detection between positive and negative samples. The nonspeciby IFA.
ficity associated with some horse sera examined by the IFA test interfered with the detection of low antibody Discussion titers (10 and less) and made the test too subjective at All E. equi-inoculated horses displayed clinical signs low serum dilutions. This nonspecificity at low diluand had antibody in the serum and antigen in the tions of serum is a problem in a diagnostic laboratory. plasma to E. equi. These data indicate that the ELISA The nonspecificity in both the serum ELISA and IFA was capable of detecting infection before clinical signs tests may be due in part to the nonspecific binding of or serum antibody were present. Many E. equi infec-the antibody to the cellular debris in the antigen preptions are determined by clinical signs or serum anti-aration. It is more likely that the background intensity body to the bacterium or characteristic morulae in the was due to the fact that the horses had antibodies to neutrophil. Thus, antigen detection could be a useful certain cell antigens found in other horses. The lack of diagnostic tool for early and accurate detection of the or a great reduction in nonspecificity in a homologous infection. From a diagnostic infection and disease system supports this hypothesis. In a diagnostic labstandpoint, the detection of antigen in the presence of oratory, some fresh sera from horses may initially give antibody is important. Multiple samples of plasma a high background staining in IFA tests that disappears taken the same day or 1 day apart should minimize after 1 week at refrigeration temperature (Corstvet, what appear to be cyclic variations in blood concen-unpublished data). trations of the antigen. It is necessary to heat inactivate
